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Two main  views are held regarding  the nature  of the  toxic agent 
of  the  autolyzing  pancreas.  One  identifies  it  with  active  trypsin,! 
the  other  with  split  products  of  protein  resulting  from  trypsin  di- 
gestlon. 
Lattes  ~ has recently shown that trypsinogen may be activated  by some sub- 
stance present in the dead pancreas cells,  so that  trypsin digestion  may  take 
place fairly rapidly in the autolyzing gland.  This fact might of course be  cited 
in favor of either of the two views, though Lattes himself is inclined to consider 
protein split products the active toxic agent. 
Petersen, Jobling, and Eggstein  3 have shown that in acute intoxication from ex- 
perimental hemorrhagic pancreatitis, the non-coagulable nitrogen of the blood is 
increased,  indicating the absorption of material of a protein nature.  Whipple  4 
has isolated from the pancreas in which an acute experimental hemorrhagic ne- 
crosis had been produced, a toxic proteose which he considers an active agent in 
this disease. 
The  following  study  was  undertaken  5 with  the  idea  of  purifying 
as  far  as  possible  the  toxic  part  of  the  autolyzing  gland.  It  was 
found that fresh pa.ucreas extract in  salt solution is  toxic, and when 
injected  intravenously  produces  symptoms  of  poisoning  analogous 
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to those resulting from duodenal loop fluid, and other toxic materials 
of  a  protein  nature.  The  symptoms,  however,  develop  relatively 
slowly, and reach their maximum about 2 or 3 hours after injection. 
Method of Preparing Fresh Extract. 
The pancreas is removed from a  dog with aseptic precautions.  It 
is cut finely and ground in a mortar with clean sand.  50 cc. of nor- 
mal salt solution are added and mixed thoroughly with the macerated 
gland  by  grinding.  The  material  is  then  filtered  through  gauze 
and  cotton.  The  filtrate  injected  slowly intravenously into  a  dog 
causes a rapid fall in blood pressure with a more gradual but prompt 
return to normal or above.  The clotting time of the blood is delayed 
and  there  is  a  profound  fall in  leukocytes.  In  from  1  to  3  hours 
after the injection, symptoms of extreme intoxication appear.  These 
are persistent vomiting of bile-stained mucus; profuse diarrhea which 
becomes bloody; often  bleeding from the  gums;  fall in blood pres- 
sure and  in  body temperature;  slow,  deep respiration;  weak,  rapid 
heart beat;  coma and death if the dose is sufficient.  If the dose is 
not lethal,  the animal rapidly recovers, the temperature and leuko- 
cytes rise  to  above normal, vomiting and diarrhea subside,  so  that 
within  12  hours after the injection, the animal may appear normal, 
after a  very severe intoxication. 
Autopsy upon a fatally poisoned animal reveals extreme splanchnic 
congestion,  especially  apparent  in  the  upper  portion  of  the  small 
intestine,  the mucosa of  which  is  deep  purple  in  color from  con- 
gestion and  hemorrhage.  Numerous focal necroses or hemorrhages 
are present in the liver.  The gall bladder is edematous.  The stom- 
ach and intestine are filled with bile-stained juices and mucus.  By 
this method about one fatal dose may be obtained from a  gland, for 
a  dog of the same weight as the one from which the pancreas was 
obtained. 
Treated  rapidly in  this manner,  there can be little if any active 
trypsin present in the injected material.  It seemed probable,  there- 
fore, that trypsin was not the active toxic agent, but some other sub- 
stance present in  the normal gland.  Experiments with  this idea in 
view revealed the fact that the t~-nucleoprotein fraction of the gland 
is  toxic and produces reactions identical with those following injec- 
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Preparation of O-Nucleoprotein from Pancreas. 6 
Fresh  pancreas  is  chopped  finely  and  ground  in  a  mortar  with 
sand, thoroughly stirred with twice its weight of distilled water, and 
heated to the boiling point for 10 minutes.  The interstitial fluid is 
poured off and filtered, while hot,  through ordinary filter paper, and 
the residue is again heated to boiling with one-half the original vol- 
ume of water.  This is filtered hot and the residue squeezed in gauze. 
The  two filtrates are united.  The fluid is  opalescent.  It is again 
filtered,  and  acidified  until  it  contains  1  per  cent acetic  acid.  A 
creamy white flocculent precipitate forms.  It is  cooled in  running 
water  and  the precipitate  completely thrown  down  by  adding  an 
equal volume of 95 per cent alcohol.  It is placed in the ice box for 
6 to 12 hours, and the supernatant fluid is then filtered or centrifuged 
off.  The precipitate is redissolved  in  distilled water, made slightly 
alkaline  with  dilute  sodium  carbonate,  and  reprecipitated by  ren- 
dering it  slightly acid with dilute acetic acid.  This  process  is  re- 
peated several times to  get rid of soluble impurities.  The precipi- 
tate is then washed with alcohol and ether, and dried in a desiccator. 
Of this material 0.1  gin. per kilo  produces  a  profound  intoxication 
and  sometimes  death  in  young animals.  It  is  dissolved  in  10  or 
20  cc.  of very dilute sodium carbonate and injected intravenously. 
The  fact  that  the ~-nucleoprotein fraction of  the dog's pancreas 
is  toxic  proves  the  presence  of  a  poisonous  material  in  the  fresh 
gland which cannot be active trypsin since the substance is thermo- 
stable.  The ~-nucleoprotein, however, contains, besides its protein 
constituents, guanylic acid. 
A  pure preparation of guanylic acid  7 from yeast nucleic acid was 
found to be non-toxic for dogs in doses of 0.1 gm. per kilo when in- 
jected intravenously.  Although the guanylic acid prepared by Bang 8 
from beef pancreas was toxic for dogs, he was no doubt working with 
a  relatively impure product. 
6 Steudel, H., and Brigl, P., t2ber die Guanyls~ure aus der Pankreasdrfise, II, 
Z. physiol. Chem., i910, lxviii, 40. 
r This material was obtained through the kindness of Dr. W. Jones. 
8 Bang, I.,  Chemische und physiologische Studien fiber die Guanyls~iure, Z. 
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It  seemed from these experiments that  the toxic material of the 
normal pancreas is  the protein  constituent of t3-nucleoprotein, or is 
in some way associated with it. 
When fresh dog pancreas was autolyzed for  12  to  24 hours with 
chloroform and  toluene at  37°C.,  the autolysate  was  found  to  be 
toxic,  though  less  so  than  the  fresh  gland,  and  after  autolyzing 
for longer periods  the toxicity disappeared.  An attempt was  then 
made to recover the toxic fraction from the autolyzed gland, and by 
this method a  product has been obtained which is more toxic than 
the B-nucleoprotein. 
Preparation of Toxic Material from the Autolyzed Pancreas. 
Ground fresh pancreas is mixed with twice its weight of distilled 
water made slightly alkaline to litmus with sodium carbonate.  About 
1 cc. of chloroform is added and the mixture covered with toluene. 
It is placed in the thermostat and digested at 37°C. for 12 to 24 hours, 
being  shaken  at  intervals.  It  is  then  made  acid  to  litmus  with 
dilute  acetic acid,  boiled  for  10  minutes,  and  filtered hot  through 
an  ordinary filter  paper.  The  clear  yellow  filtrate  is  made  acid 
up  to  2 per cent acetic,  cooled in  running water or in  the ice box, 
and left to stand for several hours.  A  flocculent precipitate forms. 
This is  centrifuged and  the supernatant,  slightly cloudy fluid is  de- 
canted.  The  precipitate  is  redissolved  in  dilute  alkali  and  repre- 
cipitated  by acidifying with  a  few drops  of  1 per cent acetic acid. 
This is repeated until  the decanted fluid gives no cloud with a  drop 
of 1 per cent hydrochloric acid.  It is then washed with alcohol and 
ether and dried in  a  desiccator.  This material is brownish,  rather 
tough,  easily soluble in  warm dilute alkali,  and has  a  tendency to 
gel  on  cooling in  very dilute  alkaline  solution.  It  gives a  strong, 
light purple biuret reaction.  In doses of from 0.05  to  0.1  gm.  per 
kilo  of  body weight  intravenously  or  intraperitoneally in  dogs,  it 
produces  severe intoxication  which is  usually lethal  in  young ani- 
mals.  The symptoms are those described as following an injection 
of fresh  extract  of pancreas. 
The method of recovery of this toxic protein fraction from the auto- 
lyzed gland discloses a difference in the enzymatic activity in the auto- E. W.  GOODPASTURE  281 
lyzing pancreas of the dog, as contrasted with that of beef or pig.  The 
product was  recovered in  such small quantity and there was  such 
ditficulty in  obtaining  dog  material  that  attempts  were  made  to 
procure  a  similar  substance  from  beef  and  pig  pancreas.  While 
the ~-nucleoprotein from these glands was found to be toxic, no poison- 
ous material could be recovered after autolysis by the method used 
with dog pancreas. 
After the toxic fraction of dog pancreas is precipitated from the 
autolytic filtrate by acetic acid and filtered off,  an abundant, white, 
flocculent precipitate can be thrown down from this second filtrate 
by the addition of a few drops of 1 per cent hydrochloric acid and an 
equal  volume of  95 per cent alcohol.  This material when  purified 
by  redissolution and  reprecipitation with  dilute hydrochloric acid, 
washed in alcohol and ether,  and  dried,  is  a  granular sandy  sub- 
stance,  which becomes a  white powder  when  ground in  a  mortar. 
It  is biuret-free,  and is non-toxic for dogs  in doses of 0.1  gm. per 
kilo.  It contains an abundance of phosphorus and guanine.  It gives 
a  deep pentose color reaction and does not seem to contain adenine. 
In all probability it is largely composed of guanylic acid. 
It is well known that guanylic acid disappears rapidly from the 
autolyzing pancreas of beef or pig, and our experiments have shown 
that the toxic protein material also cannot be recovered  from  these 
glands, whereas a poisonous protein fraction and especially guanylic 
acid  can  be  obtained in  relatively  large  amounts from  autolyzing 
dog pancreas. 
Since/~-nucleoprotein is  toxic and guanylic acid is not, we have 
assumed  that  the  toxic  material  is  identical  or  closely  associated 
with  the  protein portion.  Both  the protein portion and  guanylic 
acid  are rapidly destroyed in beef and pig pancreas,  while neither 
is attacked or very slowly attacked during autolysis of dog pancreas. 
But it is possible after  autolysis,  to  separate  the two and  recover 
the toxic substance in greater concentration. 
Petersen,  Jobling,  and  Eggstein's  8 observations upon  the  serum 
changes during  intoxication  from  acute  hemorrhagic  pancreatitis 
suggest  that  poisoning results from absorption of protein material, 
and  it  seems more probable  that  the protein itself which we have 
isolated is a  toxic agent than  that  some  other  material  is  associ- 
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The separation  by Whipple  4 of a  toxic proteose from the glands in 
hemorrhagic  pancreafitis  indicates  that  the  protein  substance  I 
have isolated is probably not the sole active agent in the  production 
of toxic symptoms in this disease.  Perhaps many different injurious 
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TExT-Fla.  1.  Temperature  and leukocyte chart  of  a  dog following the  in- 
travenous injection of 0.05 gin. of toxic protein of the pancreas per kilo of body 
weight.  The solid line represents the temperature,  the broken line the number 
of leukocytes. 
substances  may  be  absorbed  from  such  a  complex  material  as  an 
autolyzing pancreas. 
Text-fig.  1  summarizes  an  experiment  in  which  the  concentrated 
toxic  protein  was  injected  intravenously.  Because  of  the  small 
quantity  of material  available,  pups  weighing  from  6  to  8  pounds E.  W.  GOODPASTURE  283 
were used.  The purified dry  substance was dissolved in  10  cc.  of 
very dilute sodium carbonate and injected rapidly into the jugular 
vein.  50 rag.  per kilo of body weight were used.  The animal re- 
covered. 
CONCLUSIONS. 
1.  A  toxic  constituent is present  in  the  fresh pancreas  of  dogs 
before trypsinogen can have been activated. 
2.  The toxic fraction is present in the/~-nucleoprotein, and there- 
fore is thermostable. 
3.  It is gradually destroyed by autolysis but can be obtained in 
concentrated form from a  gland which has auto]yzed 24 hours. 
4.  The toxic material is probably protein in nature. 
5.  Intravenous  or  intraperitoneal  injection  of  from  0.05  to  0.1 
grn. per kilo of body weight is usually fatal and elicits in dogs symp- 
toms  comparable  to  those  of  spontaneous hemorrhagic necrosis of 
the pancreas. 
6.  Dog pancreas differs from that of beef or pig in that guanylic 
acid and toxic protein combined with it are slowly broken down by 
autolysis. 
7.  After autolysis of dog pancreas the toxic protein and guanylic 
acid may be separated and obtained in relatively pure form. 